Introduction
Over recent decades, the focus of dairy cow health management has shifted from treatment of individual clinical illness to prevention of disease at the herd level. The role of veterinarians has also changed, and veterinarians are expected to advise on herd nutrition, housing and other aspects of farm management for disease prevention. 1 Good management during the transition period maximises milk production while optimising lactating cows health and fertility. 1 However, animal welfare issues during this period include potential sources of stress during dry-off procedures, 2 3 feed restriction 4 and social regrouping. 5 These may have a direct effect on animal welfare or could be stressors responsible for increased disease risks. 6 Despite considerable research into dry cow management and cow welfare, there is limited information available on current management practices on commercial dairy farms. Developing an understanding of typical dry cow management practices would assist veterinarians and researchers in assessing the uptake of best practice and identifying future research priorities. Therefore, a survey was performed among dairy farms in the UK to investigate the prevalence of dry cow management practices, focusing on those practices that might result in potentially stressful experiences for cows.
Materials and methods

Questionnaire design
A survey of UK dairy farmers was conducted from November 2014 to April 2015. An online and paper questionnaire was created using Snap survey software (Snap V.11). Consultation on a draft of the questionnaire was sought from members of the Agricultural and Horticultural Development Board (AHDB) Dairy and the National Farmers Union of Scotland, and the questionnaire was modified based on feedback received. The questionnaire was piloted on the farm manager and technicians at the dairy facilities of Scotland's Rural College (SRUC) and the University of Edinburgh to assess the effectiveness of the questionnaire and estimate the time to completion, resulting in minor adjustments.
The final questionnaire contained 29 questions divided into five sections (available as a online supplemental material). Section 1 included general questions about the farm, followed by section 2 which investigated routine management procedures around dry-off, milk yield at dry-off and procedures designed to reduce milk production at dry-off. Sections 3 and 4 covered practices relating to feeding and housing management, respectively, with section 4 including a question on farmers' perception of appropriate stocking density. Section 5 gathered demographic information about respondents. The final question asked participants to select three most important management periods in dairy cattle management. Questions regarding calf management were also included in the original questionnaire but are not presented here.
The online survey was promoted via social media, industry newsletters, research institutions and farm associations. Flyers and a paper version of the survey were also distributed at dairy industry events, and 850 copies of the paper survey were distributed by mail to members of the Royal Association of British Dairy Farmers (RABDF).
Data processing and analysis
Data from paper questionnaires were entered into Snap survey software to merge online and paper responses, and the results were then exported to Excel 2013 for analysis. Quality and coherence of answers were checked, and inadequate responses (eg, multiple answers to questions that required a single response, answers with one digit missing) were deleted, or were edited to make sense where the meaning was clear. A total number (n) used for percentage calculations was reported when it was different from the total response (eg, when specific respondents were led to subquestions or when questions were not answered by all respondents).
Some of the respondents answered with a range when a single value was expected, for example, the maximum number of cows per group (n=1), the length of dry period (n=11) and the length of an intermittent milking procedure (n=5). The highest value given was used in the first example, and for the latter two questions the median value was used for the analysis. Sixty-two respondents (41.9 per cent) gave answers as percentages where the actual number of cows was expected. Therefore, the number of cows were back-calculated for those farms by multiplying the ratio (percentages/100) with the total number of lactating cows (all lactating cows/heifers+dry cows) obtained from another question.
Counts and percentages were calculated for all factors from the survey data and corresponding tables and bar charts generated using Excel 2013. Summary statistics were produced using Minitab 17 (Minitab, Coventry, UK). Spearman's rank correlation was used to examine associations between two continuous variables using Minitab 17, and Spearman's correlation coefficient (r s ) and P value were reported.
Results
A total of 148 respondents took part (online: 27, events: 15, RABDF: 106), representing approximately 1.1 per cent of the total dairy farm population in the UK in 2015 (dairy producer numbers=13,570). 7 The majority of respondents were male, were farm owners and had more than 20 years of dairy cow experience, and the most common age range was between 45 and 64 years (Table 1) .
General information
The average number of cows, including dry cows and lactating heifers, on respondent farms was 283 cows (±242 sd; range: 
Grouping strategy
The majority of farms (73.0 per cent, n=108) managed dry cows in two groups, dividing cows according to gestation stage (far-off and close-up groups), while 25.7 per cent (n=38) had a single dry group. Only 4.1 per cent of farms (n=6) had a separate group for fat cows. In addition to these management groups, 4.1 per cent (n=6) had 'other' management groups, where dry cows were grouped, for example, based on calving season, health condition or milk production during the previous lactation. Pregnant maiden heifers were most often mixed with adult cows before their first calving (80.7 per cent, n=107), and only 14.5 per cent of farms (n=21) mixed after calving. However, 4.1 per cent of farms (n=6) never kept maiden heifers/first lactation cows and adult cows together.
On the majority of farms (84.2 per cent, n=123), dry cows were kept in dynamic social groups. On 23 farms, the dry cows remained in the same social group either always (5.5 per cent, n=8) or when possible (10.3 per cent, n=15). The maximum group size for dry cows varied from 4 to 400 cows, but the majority of farms kept their dry cows in group of fewer than 50 cows (single dry group: 70.3 per cent, n=26/37; far-off dry group: 66.7 per cent, n=70/105; close-up dry group: 80.2 per cent, n=85/106). Positive correlations were found between overall herd size and the maximum group size for dry cows (single group: r s =0.75, P<0.001; far-off dry group: r s =0.69, P<0.001; close-up dry group: r s =0.57, P<0.001). 
Dry-off procedure
The median length of the dry period was 56 days (IQR=50-60, range: 30-90). Only 5.6 per cent of farms (n=8) dried cows off greater than or equal to 65 days before their expected calving date, while 9.8 per cent (n=14) of farms continued milking until less than 45 days before their expected calving date. The majority of respondent farms (95.9 per cent, n=140/146) used antibiotic dry cow intramammary tubes at dry-off, with 82.2 per cent (n=120/146) using them in combination with internal and/or external sealants. Teat sealants were used by 84.9 per cent of farms (n=124/146), with 86.3 per cent of these farms (n=107/124) using internal teat sealants only, 3.2 per cent (n=4) using external only and 9.5 per cent (n=13) using both. Four per cent of farms (n=6, including one organic farm) did not use antibiotic intramammary tubes at dry-off. Information was provided by 116 farms on how they stopped milking at dry-off. The majority of farms (82.8 per cent, n=96) stopped milking abruptly. Seventeen per cent of farms (n=20) reduced the frequency of milking to once a day, including 1.4 per cent of farms (n=3) that further reduced the frequency of milking from once a day to every other day for a median length of seven days (range: 1-60 days). Almost half of the farms (46.6 per cent, n=68) used a dietary change to reduce milk production before dry-off, with 35.6 per cent doing this for all cows, and 11.0 per cent just for high yielding cows. The most common change in diet to reduce milk production at dry-off was to reduce the quantity of concentrate fed (77.9 per cent of farms, n=53/68). Other common strategies were to stop all concentrate feeding (32.4 per cent, n=22/68) or to reduce the quantity of the milking cow ration fed (26.5 per cent, n=18/68). Additional dietary changes at dry-off included the addition of hay/straw to silage, feeding hay/straw only (both 7.4 per cent, n=5/68) and an alteration of silage types with (4.4 per cent, n=3/68) or without (5.9 per cent, n=4/68) a change in quantity. This altered dietary management at dry-off continued for seven days or longer on the majority of farms (75.0 per cent, n=51/68), but some farms continued it for shorter periods of three to four days (13.2 per cent, n=9/68) or five to six days (11.8 per cent, n=8/68).
On average, 46.7 per cent (n=16,553) of cows on respondent farms (total number of cows=35,450) were producing 10-20 kg of milk at drying off, while 26.2 per cent (n=9295) produced less than 10 kg of milk. The remaining 27.1 per cent of cows (n=9602) produced more than 20 kg at dry-off, and 61.8 per cent (n=5931) of these high yielding cows were abruptly dried-off, which represents 16.7 per cent of the total cows included in this survey. Intermittent milking was used by 20 farms (17.2 per cent) as a strategy to reduce milk yield, and most of the cows on those farms produced either less than 10 kg/day (n=2079) or 10-20 kg/day (n=2160), while 285 cows produced more than 20 kg/day at dry-off.
Farms with higher milk sales and a higher average milk yield per cow were more likely to have a higher percentage of cows that produced more than 20 kg/ day of milk at dry-off (r s =0.31, P<0.001 for annual milk sales; r s =0.61, P<0.001 for average milk yield per cow). No significant association was found between herd size and the percentages of cows that produced less than 10 kg/day (r s =−0.04, P=0.620), 10-20 kg/ day (r s =−0.160, P=0.056) or more than 20 kg/day (r s =−0.131, P=0.121) of milk at dry-off.
Another procedure that was often performed around the time of dry-off was foot trimming. Seventy-seven per cent of respondent farms (n=112) routinely had their cows hoof trimmed around dry-off, with 42.5 per cent (n=62) doing so before dry-off, 26.0 per cent (n=38) on the day and 6.2 per cent (n=9) after. The remaining 2.1 per cent of farms (n=3) had their cows hoof trimmed at various times before, on the day or after dry-off.
Feeding
Feedstuffs used for late gestation dairy cows and the method of concentrate feeding are summarised in Table 2 . Grass silage was the most common late gestation forage feed, followed by maize silage and whole crop/arable silage. The percentage of farms that fed straw and hay increased from the late lactation to far-off and close-up dry periods, while the percentages for silage and sources of energy and protein declined. From the close-up dry to calving period, this pattern was reversed. The majority of farms fed concentrate or non-forage supplements mixed with silage/forage for cows from late lactation to calving ( Table 2 ).
All of the respondent farms changed their cows' diet at least once during late gestation. Most of these dietary changes happened between late lactation and the far-off dry period (81.3 per cent, n=109/134), while 55.6 per cent of farms (n=74/133) changed diet between the far-off and close-up dry periods, and 47.2 per cent (n=68/144) changed from the close-up dry period to calving. Thirty-seven per cent of farms (n=40/108) did not change the diet for dry cows even though they had two management groups. Table 3 summarises the frequency of fresh feed delivery and feed push-ups for each of the management groups. Regardless of the grouping strategy for dry cows, fresh feed was most often delivered daily, while a small number of farms delivered feed less than every second day. Half of respondent farms did not push feed up due to feed bunk design, and only 3.8 per cent of farms never pushed feed up. The majority of respondents (86.0 per cent, n=123) answered that all of the dry cows were able to feed at the same time after fresh feed was delivered, while 14.0 per cent (n=20) reported that not all of their dry cows were able to feed at the same time.
Housing system/environment
Housing and environment for late gestation cows in summer and in winter are summarised in Table 4 . The majority of late lactation and far-off dry cows were kept outdoors in the summer, generally at pasture/paddock, and most close-up dry and calving cows were indoors. Cubicle housing was most often used to keep late lactation and far-off dry cows inside in the summer, and the most common indoor housing system for close-up and calving cows were straw/sand yards. In the winter, cows are generally kept exclusively inside for all four of the periods. Late lactation cows were predominantly kept inside in cubicles, and far-off dry cows were also mainly kept inside in cubicles or straw/sand yards. The majority of farms used straw/sand yards for close-up dry and calving cows, and only a minority of farms used only cubicles for cows in the close-up and calving periods. Fig 1 indicates farmers' perception of an appropriate stocking density in cubicle sheds and straw yards. The majority of respondents considered 90 per cent and 95 per cent stocking density for dry cows as appropriate in cubicles and straw yards, respectively. A quarter of respondents selected the photo of 100 per cent stocking density as appropriate for straw yards, while 100 per cent stocking density for cubicles was a uncommon choice.
Farmer's perception of three most important periods in dairy cattle management
The majority of respondents selected the close-up dry and fresh calver/early lactation periods as one of the three most important periods in dairy cattle management (Fig 2) . Young stock followed these periods, while the mid to late lactation or the far-off dry periods were not commonly chosen by respondents (Fig 2) .
Discussion
All respondents had more than 50 lactating cows, and farms with more than 150 lactating cows accounted for 70 per cent of responses. The average herd size was slightly bigger than the UK average (140 adult cows per herd in 2015), 8 and the average annual milk sales of respondent farms was also slightly higher than the UK average (7844 litres/cow/annum in 2014/2015). 9 However, almost 95 per cent of dairy cows in the UK are on farms with a herd size bigger than 50 cows, and 55 per cent of them are on farms with 150 or more cows. 10 Therefore, this survey is likely to represent farms in the UK which hold the majority of dairy cows.
The majority (84 per cent) of farms kept dry cows in dynamic social groups (ie, where cows were added and/or removed regularly), and only 6 per cent of farms always kept dry cows in the same social group. Negative consequences of frequent regrouping include increased aggressive social interactions, 11 decreased dry matter intake (DMI) 5 12 and decreased production. 13 A decrease in prepartum DMI has been associated with increased risks for postpartum disorders. [14] [15] [16] [17] Therefore, prepartum social environment plays an important role in feeding activity of dry cows and can affect postpartum health.
The cows most affected by regrouping are those with lower social rank, [18] [19] [20] and heifers and primiparous cows are more affected by regrouping than multiparous cows, because they normally have lower social rank. 21 The current survey showed that maiden heifers were most commonly mixed with dry cows during late pregnancy, suggesting that the drawbacks of mixing primiparous cows with lactating cows immediately after their first calving appear to be widely recognised by farmers. Additionally, a small number of farms never mixed maiden heifers or primiparous cows with multiparous cows. In addition to the continuous introduction/removal of cows, the majority (73 per cent) of farms had two management groups for dry cows, suggesting that cows were regrouped in the middle of the dry period. Having two management groups allows for dietary alteration according to gestation stage, as nutritional requirements for close-up dry cows are higher than far-off dry cows. 22 Indeed, 63 per cent of farms with two dry cow management groups also changed the diet from the far-off to close-up dry period, which could disrupt both social and feeding behaviour at the same time.
A traditional dry period length (51-60 days), which has been considered necessary to optimise milk production during the subsequent lactation period, was used by 73 per cent of farms. Recently, potential benefits of shortening or even omitting the dry period have been proposed, including improved prepartum DMI and/or reduced risks for metabolic disorders after parturition. 23 However, the current survey found that very few farms implemented this practice.
The dry period is considered to be a critical time in the control of mastitis. 24 Antibiotic dry cow therapy is used to eliminate existing, and prevent new udder infections, 24 25 and teat sealants can effectively prevent new intramammary infections during the dry period, 26 27 especially if they are used in combination with antibiotics. 24 28 29 In this survey, the majority of farms used antibiotic intramammary tubes as a part of the dry-off procedure in combination with internal or external teat sealants.
It has been reported that a high milk yield at dry-off increases the likelihood of milk leakage 2 and risk of new intramammary infections. [30] [31] [32] This suggests that the application of antibiotics only at dry-off cannot completely prevent new intramammary infections occurring, highlighting the importance of reducing milk yield at dry-off. 33 Moreover, an abrupt dry-off can be distressing for high yielding cows due to udder discomfort. 2 Guidelines for dry-off procedure in the UK encourage an abrupt dry-off when cows are producing less than 15 kg/day of milk. 34 However, the current survey revealed that more than a quarter of cows still produced more than 20 kg/day of milk at dry-off, and most of these cows were abruptly dried-off. Additionally, the level of milk production at dry-off was positively correlated with annual milk sales and average annual production level per cow. Therefore, high yielding cows and cows from farms with higher annual milk sales were potentially at a higher risk for new intramammary infections and more likely to suffer from udder discomfort at dry-off, as suggested above.
Intermittent milking has been proposed as an alternative approach to abrupt dry-off, as it can successfully reduce milk production at dry-off 30 35-37 and reduce the frequency of milk leakage after dry-off. 37 However, this approach was not commonly used on respondents' farms. A reduction in milk production can also be achieved by feed restriction. 36 38 39 Compared with intermittent milking, feed restriction around dry-off was more commonly performed by respondents. Most of these feed changes involved reducing or removing concentrates, or reducing the quantity of the total mixed ration (TMR) being fed.
Feed restriction was commonly performed after dry-off, with the lower feed quality for far-off dry cows evident in a reduction in silage, cereals and concentrate feeding. Feed restriction in the dry period has been a recommended procedure to prevent overfeeding of dry cows. [40] [41] [42] It has been reported that feed restriction during the far-off dry period resulted in higher DMI and better energy balance after parturition. 43 However, a sudden reduction in feed quantity or quality could be a welfare concern, as feed restricted animals have been known to show signs of distress, frustration and hunger. 4 36 38 To avoid overfeeding while minimising hunger, some studies suggest adding chopped hay or straw into a mixed ration to create high forage/low energy diets. [44] [45] [46] Feeding high forage diets to dry cows seems to be widely implemented, as it can be seen that more respondent farms fed straw and hay for dry cows than for late lactating cows.
The delivery of fresh feed has been reported to stimulate cows' motivation to feed. 47 Most of the respondent farms delivered fresh feed for dry cows at least once a day. However, a number of farms delivered fresh feed every second day or less, suggesting that cows in these farms may not have access to feed all the time. Frequent feed delivery and feed push-ups can reduce the time when a feed bunk is empty and ensure that the same quality of feed is always available. 48 This would allow cows to distribute their feeding time throughout the day, resulting in less competition at the feed bunk and less variation in energy intake among cows. 20 48 Another recent UK survey 49 found that a summer grazing system for lactating cows (all day or part day) was commonly used. The current survey also found that cows in their late lactation and far-off dry periods were most commonly kept on pasture or outside paddocks in summer and inside in winter. A grazing system may be more beneficial to cows compared with continuous housing systems, allowing more natural behaviour while potentially reducing risks of hoof damage [50] [51] [52] and mastitis. 35 Additionally, cows show a preference for spending time on pasture if they are allowed free access. 53 However, full housing enables greater control over nutritional management, control of hypocalcaemia and supervision at calving. The majority of farms kept their close-up and calving cows inside irrespective of the season of calving, probably because cows in the transition period require more careful management compared with late lactation and far-off dry cows.
The Red Tractor Assurance for Farms designates 5.75 m 2 per cow as the minimum space allowance for cows kept in straw or sand yards and at least one cubicle per cow for cows kept in a cubicle housing system. 54 Overstocking of dry cows is not a recommended practice due to its negative impacts such as decreased lying time and altered feeding behaviour 55 and is counter to prepartum feeding management that aims to optimise feed intake. The majority of respondents considered that the photograph depicting 6.7 m 2 per cow was the most appropriate, and almost half of the respondents thought that 90 cows were the most appropriate number for 100 cubicle beds. Additionally, the majority of farms allowed all cows accessing to the feed-face at the same time suggesting that respondent farmers have a good appreciation of the importance of avoiding overstocking in late pregnancy.
As expected, farmers perceived that the important periods in a cow's life were when cow management could have a direct impact on their income (ie, the early lactation and close-up dry periods). The final question also suggests that farmers have an understanding of the importance of rearing healthy replacement heifers in sustainable dairy production.
Conclusion
These survey results describe the experiences of late gestation cows on commercial dairy farms in the UK and highlight some potential dry cow welfare issues. For example, abrupt dry-off of high yielding cows may cause udder discomfort and reduce the effectiveness of dry cow therapy. As expected, the majority of farms had dynamic social groups for dry cows. This may result in social stress that can directly and indirectly affects disease susceptibility. The current survey provides useful information for dairy producers, veterinarians and scientists to identify potential sources of stress associated with common dry cow management practices and to implement methods that can reduce the risks of peripartum disorders.
